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Preliminary results from an extensive lattice calculation of the B, B c , and T spectrum at quenched /3 = 6.0 
are presented. The study includes radially and orbitally excited mesons, and baryons containing b quarks. The b 
quarks are formulated using NRQCD; for light and c quarks, a tadpole-improved clover action is used. 
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1. INTRODUCTION 

Experimental data on excited B mesons and 
b baryons have begun to emerge just recently. 
One hopes that in the next years, these states 
will be firmly established and accurate data on 
their masses become available. For the B c , exper- 
imental results are so far restricted to preliminary 
values for the ground state mass. 

It is therefore of great interest to obtain pre- 
dictions for the B and B c spectrum from lat- 
tice QCD. This talk is a status report on a cal- 
culation using NRQCD for the b quarks, and a 
tree level tadpole-improved clover action for the 
light and charm quarks. The simulation was done 
quenched at j3 = 6.0 on a lattice volume 16 3 x 48. 
The NRQCD action and the simulation parame- 
ters for the heavy-light physics are described in 
Ref. O ur two K values around the charm are 
0.119 and 0.126. All the results presented in this 
article are preliminary. 

2. THE HEAVY-LIGHT SPECTRUM 

For the B spectrum results presented here we 
fix the lattice spacing from M p and obtain a -1 = 
1.92(7) GeV. Our determination of the averaged 
u and d, and strange, quark masses is described 
in Ref. [Q. For our heavy-light meson mass we 
use the definition M' of Ref. §. We fix the b 
quark mass in a slightly different way from that in 
Ref. Q. Instead of using the pseudoscalar meson 
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Figure 1. The B meson spectrum. Dashed lines 
indicate experimental error bounds from the Par- 
ticle Data Book, dotted lines, preliminary exper- 
imental results from DELPHI 10,01. 



mass, we set the spin-averaged meson mass to the 
physical value: l/4(M fl + 3M B .) = 5313 MeV. 

2.1. Mesons 

A summary of our results on the meson spec- 
trum, compared with experimental results, is 
given in Fig. [l]. The error bars include the statisti- 
cal uncertainty, the error from interpolations and 
extrapolations to the physical quark masses, the 
statistical error in a -1 , and the uncertainty in fix- 
ing the strange quark mass. The figure shows that 
our calculation reproduces the presently known 
gross features of the B meson spectrum. 

Now we discuss the fine and hyperfine struc- 
ture in more detail. For the B* — B splitting we 
obtain 24(5) MeV, which is significantly smaller 
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Figure 2. - B$ (circles) and B x - Bq 

(squares) splittings as a function of the spin- 
averaged heavy-light meson mass M. Solid lines 
denote a linear fit in 1/M, dotted lines, the fit 



than the experimental value, 45.8(4) MeV. Possi- 
ble sources of this discrepancy are quenching and 
discretization effects, corrections to the pertur- 
bative coefficient of the a ■ B term in the action, 
and higher order relativistic corrections. For the 
P state fine structure, the lattice provides pre- 
dictions as there are no experimental numbers 
available. In heavy-light systems one differen- 
tiates P states by the light quark angular mo- 
mentum which can take the values ji = 1/2 and 
ji = 3/2. According to the coupling of the heavy 
quark spin, each of these levels splits up further 
into a hyperfine doublet; for ji = 1/2, this con- 
sists of Bg and B\, and for ji = 3/2, B[ and 
B%. The Bi and the B[ both have the quantum 
numbers J p = 1+ and can mix. Our two lattice 
operators for J p — 1 + give two slightly different 
masses. We assume that the lighter of our lattice 
results corresponds to the lighter physical state, 
which we expect to be the B\. We were how- 
ever not able to separate the contributions of the 
physical 1 + states to the heavier lattice state. 
In the following we consider the B^ — Bq and 
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Figure 3. Baryons with one b and two light 
quarks. Dashed lines indicate experimental er- 
ror bounds from the Particle Data Book, dotted 
lines, preliminary experimental results from DEL- 
PHI §. 



the B\ — Bq splitting. Both quantities, extrapo- 
lated to Ki, are shown as a function of the inverse 
heavy mass in Fig. g. According to our expec- 
tation, the BI - BI is larger (183(34) MeV) and 
has a finite static limit. The B\ — Bq splitting is 
54(38) MeV, comparable to the B* - B splitting, 
and its static limit is compatible with zero. 

2.2. Baryons 

In heavy-light baryons with one b quark, the 
two light quarks can couple to a sum spin si = 
or s; = 1. The former corresponds to the A& 
baryon, whereas the configuration with s; = 1 
splits up into a hyperfine doublet consisting of 
the £{, and the . An overview of the results for 
baryons with one b and two light quarks is shown 
in Fig. ||. The errors are calculated the in same 
way as for Fig. 0. The lattice results agree with 
experiment; the experimental values for the E& 
and the are however still preliminary. 

The baryon hyperfine splitting E^ — Ej as a 
function of the inverse heavy mass is presented in 
Fig. H At the b quark mass, we find 19(7) MeV. 
The extrapolation to infinite mass is compatible 
with zero. 
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Figure 4. The E£ — splitting, extrapolated to 
Ki, as a function of the spin-averaged heavy- light 
meson mass M. Solid lines denote a linear fit in 
1/M, dotted lines, the fit errors. 

3. THE B c SPECTRUM 

To minimize quenching errors, one ideally fixes 
the lattice spacing from a system that is sensi- 
tive to similar scales as the quantity that one is 
extracting. Here, we restrict ourselves to a pre- 
sentation of the data quality and only a rough es- 
timate of numbers, and do not perform a refined 
analysis. Since the B c is a heavy-heavy system, 
the charmonium P — S splitting appears to be 
a reasonable choice. We use a preliminary num- 
ber from Ref. @ at /3 = 6.0, a" 1 - 2.17 GeV. 
As b and c mass parameters for the J5 C , we use 
aMo — 2.0 and k = 0.126. They correspond to 
physical B and rj c meson masses, respectively, at 
this lattice spacing. 

A summary of the splittings between the ex- 
cited states and the ground state is given in Fig. |[ 

The ground state mass is calculated in a similar 
way as for the B: 

M(B C ) — E sim (B c ) + A NR q CD + A clovor . (1) 

The A's are calculated from heavy-heavy 
NRQCD or clover systems respectively, at the 



same bare b and c quark masses as used for the 
B c : 

A = l/2(M kin (HH) - E sim (HH)), . (2) 

E'sim is the falloff of the respective meson correla- 
tor, and for Mki n we use the definition of Ref. [Q. 
We obtain 6.3(1) GeV, whereas Mk; n of the B c is 
6.7(3) GeV. The difference is similar to the sta- 
tistical error in M kin , and is therefore not clearly 
significant. However it might be an indication 
of discretization effects expected in heavy-heavy 
mesons with clover quarks We are studying 
this further. 
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